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(57) Abstract 

A method for determining a DNA base 
sequence which comprises fixing in an 
extended state a molecule of a single-stranded 
sample DNA (7) carrying a bead (5) at one end 
thereof and a magnetic bead (6) at the other end 
within the visual field of a fluorescence 
microscope by means of a magnetic force (11) 
and a laser trap (3); binding a primer (8) 
thereto; effecting an extension reaction (10) 
with a polymerase to thereby cause the 
incorporation of a single chemically modified 
nucleotide (9) alone labeled with a fluorescent 
substance differing from base species to base 
species; measuring exclusively the fluorescent 
substance thus incorporated as a fluorescent 
microscopic image by the evanescent 
irradiation (13) with an excitation laser (1); 
determining the base species from the 
fluorescent substance; liberating the fluorescent 
substance with which the incorporated 
nucleotide has been labeled by the evanescent 
irradiation (13) with an ultraviolet laser (2); 

and then effecting the step of the incorporation of the next nucleotide followed by repeating these steps. Thus, the base sequence can be 
determined by using a single DNA molecule, and a DNA consisting of several hundred bases or more can be efficiently sequenced. 
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m m m 

*f8Ett. DNA, RNA#0MiICilt5 o ^ICDNA, RN 

■km-**. 

DNA, RNAfO^Sftt, »&^*W*»fie4 6 £»r££fcB3*. 
fe«^©4h»7?aSi:«ir3TV^*. DNA, RN A©aU£E$»Jftje. X 

«P«fLTt>*. *iTCtt. 4V AgStfKKIgLT, ifttcD N AJg£i2?iJ 
*H*«v^*DNA«ll6K9!l^{=r3^TK9l1-*. *&»ft#Ht::Sfc 
NA©JRfiI©ia*K5UaP«'ttt»«I«W2 OJfiggSO^y zfzt \s*^ 
L, #91 0~"mo 1 ©K»DNAi:fi|||<tttt#^ifC, #>J*5~ fcf 

*-S*b**-K3 IP*,, rt*S/7T^>3'JVi(dAT 

P) . t^****^^ >J>S(dCTP) , tXZi/VTJ *>>3 
x )y& (dGTP) , x**^* i^> 3 'J ym (dTTP) , 
tiUztoXX-PrXXi'TTJ S"> 3 >J>g* (ddATP) £;&n;L£ 0 
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2 

d d AT P jWBto*#ftT!Bl »J & * *l* £ , **l#±*B*t«*«#ft Lfc 

^fc«>, 7r-> (a) -emmtzm+K&itomKiim&iztiz. ± 

IBS^Td dAT P(D^fc»Ji:, ^x**^^ > 3 U (ddC 
TP) , ^rt#^7;S/V3 U (d dGTP) , ' itf-t^isf- 
^>3'J>i(ddTTP) Z&*fiaXtzBimZ®l3HZfiti:v 0 HI, 

J9L±o4aosjsste&a^-r*i:, tt»DNAi:«»tt4»i ooo 

1 0~ ls mo 1 -e*5 0 fcic, ««*nfc«*»*««a»cj: y i«gg 

05^«?tll?^fi1-So «ftJWttlCtt7^y;V7 5 K*IRm»0. 3 mm 
±SSJ: y»3 0 coOfiltl/- »fT?!H*f-*-«i:, #81$ ft 

■f Jt-jwh^*©* sihc i/— yjHWffiasaa usj/gsfts. ie3tS3t 

i©tfUM®«ttS«»DNAfcffl»«i«:B8«lz*yK»D 

#«MT?«»*C*yii*nfc«K**»3t J f»«3felc«fcy«*L-CK» 
DNACJMSEaifcfcfcLT^* 5 0 5 2 5 1 #&$R) . 

f^©tt*«»Tftt. K#DNAfclHU:L, Sv>IC*«:**»A<Sn 
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3 

8IB&£-fr. jBKLfc«[aSO«*#S:IB#K:Si3eL'CK»DNAOffilfii3 
^Jfc'&SiLTV^-S (Journal of Biomolecular 
Structure' & Dynamics 7,301-309 
( 1 9 8 9) ) o »3®fie*ft«-Ctt, DNAtf'J *5~tf<D*KfcL 
T»ffi D N A CflU y ii* *IT D N A«# ftfiJfc &fi*8U£<0#££ «fc V # 

(MdNTP) MV%TDNA#U^9— tf£(S*f5*>-tt*X8. fc^ 
TJ«'Jii*nfcMdNTP*|»ait*Ii, &tfMdNTP£#*RTtB 

^K:ltllifclt^^;vtl„ *n&»U3g1-Ci:^J:U. ««. 

-?DNA«©#Sfc#±3"&, MM • ^7^7- • MdNTP^tt 
(*«) fcyfciftfcMdNTP&fc 

SILT, DNA*#Jto<RTt6fc#»K:*V^V** (#I¥2-5 7 9 7 
IBB©** 

a«£. ^{c^t^Tv^5DNA^ie?'J^^£T*ttm^.•ac^^I^cJ; u# 

©*H!MB*<g#£*iS. *a»»©*rfiMBtta*, £2£S*< 
fi<4*gfiT1-*. Wt»., 5 0J£gg£5 1 Jfi£gO 1 ttfiS^fi 
^■CStt, 5 0 0tt£ft£ 5 0 1&&£4> 1 Jfi3£fitt4MiT?#*ttt 
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4 

Ctl*TC»^rft«a{b*<JfefJ $tlTtfc*<, I8UIW1 0 0 0Jft£ft& 
fi*.£SH&&£tl"CV , >&i , > (Electrophoresis 13, 
495-499 (1992), Electrophoresis 13, 
616-619 ( 1 9 9 2 )). #«R!Mai£fij&<**-e 1 0 0 0%£ 
fiT?**ifctt31M&{;:fcKg33ftT^3 (Electrophore 
sis 1 3, 5 7 4- 5 8 2 ( 1 9 9 2 ) ) 4 IP*,, 
*BRy, l«©K»DNA*^«[*E9>J»3e-eS5fiStt, i^f^ l 

ooo*mt?*«. yyAj»«T»cftasn*^:a«tt«E5im 

S-Ctt-. #8ilSI^«:S>W!?tfT&^©&fcMoTV^ (Science 
'2 5 4, 5 9-6 7 ( 1 9 9 1 ) ) , , n- 

>T'*5YACi;n->tt|SilMlgSg*50T-, 1 0 0 Oiggg-fo 
»«rt«t«fiRl 0 0 Oi©«PKOM^*RTf**. L^L, 
DNA©JBfrS/Hic 1 0 0 OJfiS£t*o©Wtf £»^JE£<|M8T?£ja: 

7©*a6EW©*-A-9y^tjWffiLT ! bi:o«v^DNAO**E?(l 
L»**-/<— 9 y 7 ZntzMZ fcft, |WJ b&SEfllfcraSfcMlfc 

*iiWM*«io o o«itftT?tt«j^>^>s/-«:» i o^gf*. 

fiP*>, ttHEWftSt^l-^SDNAO 1 Ote£>S£tf>&gE?'J&££^l 
fit- ftit, 1 M%£ga&£E?ijft£K:t±ge|l ^fl©. 
K»©*W*<jBST** . 1 fcOD NAtt3£E5»Jife£M S* 5 

KttftttI B3y«*T»* 1 0 0K^i?*5. l^-e lMJSSg^TO) 
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5 

tt**&mmm<»®+&&¥®mt:m®&iizMfttziz&, i mem 

#5S*jR|l 0" ,2 mo lO^DNA^HtSfefi), *n-=>^>p 

©tR«fel»^*:«)K:jJfe**<M-c**. ftoT, llsI©-»M*;ncot 
©DNAttM8lftjgH:B«-C*S. 
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6 

*ttK**i&»*. «KLfc*asttpiiB#K:ifcffi*nafc«>. bki&k 

* 3 ®f**&«0fl|-ctt. ft&icjR Uli*nfcM d NT P SfctB-f* 

{C|!^^Jii^tlfcMdNTP*^^oOT^^s^ca^^Jii^nT^^^v^Md 

MdNTP^so«*jEi|K:lHin?*«:v>. »fi*c«iysi*n 
T^*^MdNTP0*M*Rfl3ti f «B«©HKLAdNTP*t 

^^»**^c*»1'^^*tl»a^K:«lyii*tl■rv^«:^^MdNTP*<a 

sj^o^icix y a * n* * * i, K®«sa & i i^oitc^t 

MFIDNA*^ (ft*) 6S%«tUR®WnicM 
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7 

**«»c=B=^--es4itfAv%. (i) lflo^u^KsMfcya* 

W*tt#«M«*4^l:; (2) «»jji*n*:l«03J^l/* 

We*y. y 2 -ihn-xv^ataiiiL, 

©^»-ejS<««*nTV^ (Annu. Rev. B i ophy s. B 
i op hy s. Chem. 1 8, 2 3 9- 2 7 0 ( 1 9 8 9)).^ 

Lfe^-i?K<b#^-C*y, ftW»5?^U^KC!)**OStt, IP*, 
«»*^*Si£Ta*»l=aiy5i*n*SttfeiqiitTfe* f 3 6 0 nm 

*lH{Cfc^TR»±H^7^*^* (MAtf, CH 3 ) #T-£>£ 0 

±EOtttB**i-*-fkW0>j ^l^tf KO«tLT, Texas 
Re <i*»^-S?KdGTPO§BJS?fe*3H*>6JII7Ht=^Lfc. M3 
Htt. **Mfc^<MI|Fl-*ii^odl»*KT**dGTP (£2 IS) © 

(Science 238, 336-341, 1 9 8 7 ) K, * 
K (HOOC (CH.) ,COOH) fcflUB 'J 
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BKgrf J^IC, 2-nitroacetophenon (Aldri 
ch, N9 2 0 - 9) CMttMSttT. I»40ttii:=hnii 

t> (C, Texas Red (Mocecul ar Probes, T- 
3 5 3 ) £, *4Bo£ia©^*S:^S-&|g^$^ <5o ft^ T ., $ 

■*feS?7i/x*>atc*8lf « ( J. Am. Ch em. S o c. 11 
0, 7 1 7 0- 7 1 7 7, ( 1 9 8 8 ) ) . *3 Bfc*6 BOMO-ft; 
*»*fWH3*. »7BI=*+J:5k:, ^tlTTexas Red 

(Texas Red) *-S? K2* U** K (dGTP) fcfcs. flfe 

fc**i/**K) tart-eta. 

^*-^-*»«»«artT?j»yii*nsct*<*B$nT^* (Nu c 

leic Acids Res. 20, 2471-2483 (1992) 

) . m^oaw-rx***^**, £^ga<£t;sf=«t>c2M 

(Anal. Biochem. 234, 1 6 6-174 (1996) ) 
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9 

±*Mt«*<#gLfc<fc.&. JS7HKi^1-'(b^'W»c 3 6 0 nmftTOR 

BP*>, !7|CTexas Re d»-i^HdGTP, RTfUta 
sa3te#-e*»$tlfc-5r-S?KdATP. dCTP, dTTPSSIt 

mr»&jbv*s. a±©is. fip*>, ( i ) #y *7~tfK«fcy£' 

M*^jai6a*¥!l«-r*. (4) *^IH#K:J:*ftfl:3*EJ£K:«fcy 
3t3t««'!r-S?K»«*aitS-&*, C^iittyigUT. #y*7~ tf 
fci yj®^m^l«>7---^K3?^U^5 L K$r lfl-^olfcy&ilfc, M 

fc*tfi*-**#?!H*lco^Ttt«"*-S. &9BM:. c©*^tf««r 

c^sajecji^fc-©, ±T©«fftt^y->;u-Art-e^fTL, * 
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1 0 

i^Sfiglit^OiSIicigg^t, iffi^oElt 1 0 0 
* i fc7'J XA4 **LT*«>*±ar J: UiAL, -tr;u^o± MT -± 

■C»»Hft«HC«^U 5 1-5nmOArl/-f^^A ±||ffi 
*S» 1 5 0 nminfcffil7Stt*t l / e C4« t COJHIJ^attx 

•bJWomWfrZ 1 5 0 nmJttTK:«1-*KfK«it*tjBj(a**i, *o 
®SWA<^5 (Nature 3 7 4 , 5 5 5 - 5 5 9 ( 1 9 9 

£t l u * 5 ~tf£/& i o -cat y ii* tife i fl<DS^«m$ nfe 3? 

1 5 OnmaTOHBTiifc*, »**®J|JD#tt*S < . » 90N 
KM*ti&^.;XAi=J:y4o(=iMiLT. ««7^^-« L 
««««r«ft1-«. CO«jt«SgttK:o^Ttt1»W2 - 2 6 9 9 3 6 
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1 1 

^* . ***** U-1f2*r>JXA4 L-T«;&±# J- y *A L . 
**©±MK!±SK**. S^UXA4=&^LT^S±^^' 
1-5. 4r*ft©ftlf*&l 5 0nm«T©*H#*«*IMt3ti, ]&>j 

COi:*, -tr;H*l©ftffiriN£ i 5 OnmJ5lT©f5BBK:fc*fc*#£Lfc 
£ *l tzmi^fem* 9l>*? K#ft ©# U * 7 — tf U 5i £ ft 

wC«HBf*. Sl^5a^DNA7©i«|:WioOnm0 
^-X(@*§fi#) 5 , 6 tf-X©*«tttfy**u> 
*£*»J. -*©lf-X6tt«ttft*iFTV^*. Cl©it»DNA7*.fe 

-X 5 £ u — 9* k ^ 5, x 3 j. y ir^^o^^^^^ ( - Mfg1 - s 
(Science 2 7 1, 7 9 5- 7 9 9 ( 1 9 9 6 )), b-if $r 

«fiftac#&Loo**a«Tf** (Op t i c s Lett. 1 
1,2 8 8 -2 9 0 ( 1 9 8 6 )). *C#*U-ifcJ:*U-if 

^tt^iwta^*, «*r©»»*<*/ht:4*fc© f /s<m$ 

*IT^« (ttH*2 - 9 1 5 4 54&ft) . I/-*** U >XlC J: y* 
^©TO^Sr^O^jg^n^pN/mw©^ 

*T?»a-e**. *-©K»DNA7©jtfli©^-x (Egffia^) 5© 
tf K7 » x^t l fern. **©±T©fficTO ftjerftcMte 1 
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1 2 

♦-DNA^f 7i§|##tft (Science 271, 1 
835-1837 ( 1 9 9 6 )). 31 *#tf1-*tt»»®*fc£ 

K 1 0 0 nm&T£-e£g£-(±S 0 

* i a<T- S * . *§tt£#5& frfc ^Ti^'J^ — tf *<D N A 
»«Ttt***C*yfc^fclt^fc 1 BIO^^/U*khrs« • 

*fflc«ysi*nT^ftv^«»jj^i / ^ Kd f iWFLfcttBT?t ,j 

^«»*H©««*»ai»cftyii*nfc5?^u^Ke*tfca^wc 
-9-^ ^^oar*-c**rts^§«fa»cflkyai*tiTv>«;^ 

A K fc#f * . # y * 5 - * £ * y «3t*»^r - * K * * b K * l 
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1 3 

y&*tt«ISttO. l»«TTf*ffTf#«. i^lifflDNA 
(Nature 3 74,555-559 (1995)),* 

«i*o. iiWTtji7t*4<, *®xa®«?n*Ka£a 97 . t £ 

©Tf. *OM^cHtw^, SftftRttC J: y 

-^w*ns«iitto, lwrerns, iot;» 
©^^^-^WIJciySilW^-^KMt^y^o*-.^ 

-e*«T?** (Annu. Rev. Biophys. Biophys. 
C.hem. 1 8, 2 3 9 - 2 7 0 ( 1 9 8 9) ) . ' JCLtOlgfc □ > 

UCMMoMtt i««/*>ttTK:4*. 

^fi^wnt**. *3Bwo36rtt-ci*. KmonHnvnic 
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1 4 

*«r^1-0. 020, 030, f4i, 050, mSE, »7gtt, fcfc 
« tc felt £ gffli 3? * U K £ M&t -5 £ © £B %M T- * S d 

0, 01 5Btt*3g«o«« 7 . ffiv ^p, j| |, K:tf _. x (Hlaa#) t ft 

Btt*£H®£llM-Cjgv*«BOD I P Y«»4r-s> K d ATP0*8 
£^1"0, 01 7Btt*«W©01IS«-c^*BOD I PY*»4--s? 
KdCTPOfl|JSS^1-B. 01 8Btt*£B©!|jfc«T?JB^aB0D 
I PY*»^r--s;HdGTPO*a[S:^H, $i 9Htt*»9io« 
«T/Sv*« B 0 D I P Y«m*— S> KdTT P®«afc*?B. 0 2 0 
0. 02 10, 02 20, 02 3Btt*8«0*0M-C®***ft^ = 
*-W*^IWDNAB**ttHT *B. 02 4Btt*ftH®*ft0| 
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1 5 

WOJWWTffllV^Sr^W^-^KdATPOfliatStH, *2 8 
Htt*f5B©MflT?^*3tft*»4r-s? KdCTP OMiiSr^l-®, 

* 2 9 h (±*g« nmrnmuM v * « - s> k d g t p * 

*+m, 313 Oai4*fg9§©^JS«|-e^SS3t«»^-S?KdTTP 
MKdCTP ©«Wl t*f H. * 3 3 @tt*%S|0Mfi^S 

s; KdGT p®«tat*TB. mz ^m^mm^mm 

§9f -5. 
(MA 1 ) 

l^^lOOOC^J-w^Art^n, Ml OBCfctJ** 

<*U I MT2-RFC) ftfl^S. 

*Htol/>X2 7tt«|jll0 0« (*U 7?>.7tf*nT 
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1 6 

-hx 1 0 0, 1 . 40NA) £M^<5. Z.<D£%&m<D 

±K&mmmmm*ffiztz±ji2 szmmtz, mi imiz-tjKDmm 

-fe;KD±®3 7&JPS lmni©5m7^ K#5X, -te;K£ 
T®3 8ttjp$0. lmm©5»^-#7^^'i%U l Mtf^fc 
©^UttO. 2mmT-$>S. -t;V0&^0^{ctiiiffl§3 9 , 4 0 #g 

KtJ KZftLX&MZltZ. mi omiz^-f^f— S>2 6®±©-fe;u 

•jxa2 4=sr7tMW(c«k yaft&au&Hmii^Li-fey lt» 

Ml 2ii:y»JXA240M^t, Xx-*2 6fC*fL 

a^^^- U>X2 3Tf*3teS*T, XA 2 4©±ffi©¥ffi»# 

±#J: y, H l 0i{;^t7*'JXA2 4<D£M®m®ft*m 
LX, 4 8 8 nm©Ar^2t->U-+f l 5 (2 0mW) , 5 3 2 nm<*> 
YAGU-1f 1 6 (20mW) , W3 5 5 nm®W»AGb 

-if i 7 ( l OmJ) £-t;U2 skkwl, ■tr;n^©*ffi-e±fi»SH4- 

«. -tl^3«©U-ife-Att±S*f^7-l 8. iSy^P^.y^ 
7-1 9, 2 0fcfl!^TWH*e-A2 ltU Mill OOmmOU 
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1 7 

>X»CJ:UaStti 0 O/tmCHftL. ®IS^O«#©ffiMT-±SW$ 
1 0 64nm®YAGl/-fl4 (1 0 OmW) fc*y*n-f ,/ 

,:H * t *« ^-^ftr-A2i; tt#»u>X2 7c«fcyitgjKji Atm 

* v * 5 7 -tt 4 5 0 ©A«3fcC» LT*^3fe tajRSScfilfi-* i: ? 

y\ny>5>X2 2*fc©3teatM«Ol,-Hf l .4, 1 5, 
1 6, 1714, = >V*-*tZJ:»*0tiilj*xmJLIt*JI,2S'<aM 

^-AX^Uy*-3 0CJ:oT3l»ft23firRiK:fh f t^n*. If 

2 8 ■C**9Jftfc* 0 fc 1 0 6 4 naCJttJIiiicAjr b + Ztztbiz-b 

^- A ^^'^^^-3 0-eS*fLfe^lSi©^S&tt, 2. 5fc 
®«f^>X3 5 <*U>/<*ttK, N.FKX2. 5) KiyfcfcSft, 
^r*U-h©CCD*^53 6T!2*JE|Wjgt l5i :oCCD^ 
5 3 6tt±lcK»DNAOjf«fefT4^|RK:«V^. tf^OTtt^ 

*aii©**3ttl2. 8X12. 8mmT*y. 2 5 x2 5 ^m^ 

^® 1B ^ 5i2x5i 2oii^t^£*it^<5 0 m*mn 

100X2. 5 = 2 5 0^, W®*»*fii5 1. 2 
X5 1. 2^m, HJlttO. 1X0. l*mlCtt««. #ft 
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1 8 

\yyX2 7.©T3Sf^©3fctt. 4^fjy.jXA3 li:4iCfl|7^* 

33 (*y>,<*tt» f NFKX2. 5) Cj: ^ 2 ft 
7cCCD*^5 3 4Tf2«5E«fljsn*. £©»»S2*7nCCD-** 
7 3 4tt^K:«3tt«-*C^*. MM2*7BCCD*^7®*fflii© 
**3tt25.. 6 X 2 5. 6mm-C*y, 2 5 x 2 5 /z m©*# $ © i 
1 0 2 4X 1 0 2 4**jUT.#Mt3*lT^*. ttftffiT®* 
«*I4100X2. 5- 2 5 0««©T. liUliO. 1X0. i* m 

mi 3Bi:«tJ:ii:, 3fe»f=#A3ftfc4#ffl:7yXA3 nc«ty, 
5 1. 2X5 1. 2#m©«|l£©&4 1 ^4oi:^|Jt5„ 
#&©1MXfci:, Ml?12. 8X12. 8mmO*4 2Tf*y. 4 

4 3©^t$|zM^^-frS 0 4o©#flUC#j£3«T*7Y;U*-tt, 
#*, 500~520nm, 540~560nm f 560~580nm, 
580~600n m©£*#-ej8$§gi 7 0 %J5Lfc©»*tf&fct, , 3 0 

o-i i o onmottftttHocnftiga^ja^-eoaaJiitti <r«# 

TfcT*. U-1ftt*-C** 3 5 5 nm f 4 8 8 nm, 5 3 2 n 

m©«»ttl 0-»ttT*«. «««©«**© i A* ££1*** 

**. »»CCD*^9*tfjiB±T?4-3©^tc4MI$tlT«***l. 

3nfe4o©^ ( ;i^ TO(t ^ 5o ft oT> 1 0 2 4X 1 0 2 

4 iB*©±©aR©HjS©4i^ ft^f * 4 £©ff£1lHB£lt&afttt 

"^^-^-K^a-css. 4o©&£tt±ito4a©j*fc3^# 

3fca«***<j|^* D 4^©«*!Sft©lfc*S:ffl-iHLTie*LfcS^#: 

ftT, XKO«-jimicftoTX«lM«0IB(:K 
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1 9 

NA(44 8 5 0 2*««7?*0±ttifiEW**KftJ-e*.*©T?, *fgHJ§© 
#S©*»Bfc*fT**fc«>©K*te LTS®-e*« 0 ADNAtt 2 

4HH^i-J:e>{C f #*2*«*y = f5j^u^ Kc!)rti XDNA44, 
45©5' *«ClS^1-**U^3l^U^K4 7®5' **(Ctt^ 
*->4 9«r«»L, ADNA44. 4 503' 5feS»{ZJS^1-S^ y zf% 
^UtfK46©3' **Ctt^#S/>4 8*««LT**. ££2 

IB 1 5U{C^1-«J:^(c, a^*90. Um®#y^b>^-X 

(0ffia *' 5 3©^f.*iicttS?=f*S/>tt#:5 1 £&7$ Klfr&ICJ: 
v-<y-^3>$iirfeADNA44, 4 5 & 1 #«tttt£ 

aCttL, ±ia©k:-X£iiDA5o tr^>4 9tx hu7h7£s?>5 

0. *:***>4 8fctt*:**SO/«flE5 1 ttMcftaKrvft^J&g- 
«»-C«r#f*OT?. ADNA44, 4 5 ttfflfc^ 5 ' 3fdgUctt« 
te£m/Tv^v^-X5 2*<M£L, 3' sMBKttttttfcmffc b*- 
X5 3*<«f#i-*. mi 6B*x££l 9Htz*r«fi&«ro48oft^. 
IM*2 * U** K £ , g 3 @* ^JB 7 HTM b fc#£<b»£#£T' 
I16iltBODIPY 4 9 3/5 0 3 C3 (Mole 
cular Probes, Inc. g, D-2190) &«ft£ LT 
^-^KdATP,I17iliBODIPY 5 3 0/5 5 0 C 
3 (Molecular- Probes, Inc. , D- 2 1 8 6) £ 
«»i:LT*>-3^-S?KdCTP, I18iliBODIPY 564/ 
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.2 0 

5 7 0 C3 (Molecular Probes, Inc. , D-2 
2 2 1) tlitLT^-S^KdGTP, jg 1 90ttBOD I PY 
5 8 1/5 9 1 C3(Molecular Probes, Inc. 
». D- 2 2 2 7 ) tWtLT»^KdTTPTJ**, **ft 

Sf»C^-X5 2, 5 3 6fi#LfciDNA44, 4 5^1*« 

*-/^:/yy*-3 0*l 0 0%£«$7-tLT, tmDNA»« 
ffiOCCD^7 3 6t^rt^-^T, ftfftt®7d-tff 
JhLT*2 0BHi2 3BC*t«»54tWt*. *2 0BIC* 
•j-J^C. ^^-±t^DNA4 4, 4 505' *«ffiK:|»*l& 
«ttWTIr^VMf-X5 2 Moft*. 

LT (5 6) . »2 lEHtC^I-Ji^tc, =E=^-±0&ffi**»{cR3g 
LT£>£ 1 0 6 4 nmO*«.l/— «foM/S©ffi«5 5 tC, ±IS©^oft 
fc^-X5 2 £g<. &vn-? l 0 6 4 nm©##i/— •f&fSJga-fr, b 

(57) . -mum xf-s?s»istfttft^c 

«««6Stf7D-^t (5 8) , i2 2ii:^tJ:^;, ft 
^LTV^^V^fte©^-X J f>^DNA§:M©©^^ZS^£^i-r. 

5»=±y*¥j6TRlCWi*3B^s* f *2 3 Hl=**\fc? ctWDNA - 
©3' 5f5JB«»ztt^LfcKttfe^fclf-X5 3fe^^-±T?^^, 
(5 9).. PS«©^-XT?tt**lfcSafiDNA4 4, 4 5£ 
5l^f*tf1- 0 Ctie2«Olf-X**#-ODNA(OPiJ«lztt^LT^* 
C — »f O^ffill 5 5 4»ft$-ttT, ^ffiJO^-X 
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2 1 

o At mk« *J , ULWmOWM 5 1. 2x51 

XXtt D N A #±t|jg \z *> i 9 L fc £ d 5 T* * * & ®£ 

:©tt^DNAIi±»^0. 1 ^mttTOaia(Z««FS 

Sfc&o 1 0 6 4 nm©U— «f&t5«K5»*^$-&«Jt 
T, ADNA$r«iSLTfc< 0 

Lfc^idc, ««WI**«^ti*ftiS©*«titSttttCLTfe<. g 

1 4 BKwf K^DNA05' **K:*ASft.S*y=/s*U 

K 4 7 <Z>iggE?iJK*|?j!6*J& 2 0 

3 0TCfcL, ^^T-4tt»DNA05' *fffCfSMtt*$££-*£. 

l®Wfi|i3?^l/tf KtSequenase Version 2. 
0 T7DNA#U^-i? (TTS/tAttS) t «>»^«««[ fe-feyb 

K©i«tt4ii:t, lOOnM, * y * 7— tfi&gtt 1 OOunit/ 

i-e*'y. ^rti=ba»©#yx5— tf£j«©»i/i o oot-$>5 0 

7^*AttJcyjKfc3ttT^.&Se qu e n a s e Version 
2 . 0tt«6Tft^fittttftMA4t&»j , 3 0 Oiggg 
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2 2 

, 4 8 8 nm&tf5 3 2 naOl/- *f£ l»fflJH#L. :OU-ifi* 
ltt-fe;U2 5rt0±a®-e±S*fL, -fe/HOWastcRffi^S 1 5 Onm 

aif^si oonmjaT®i&fflK:»«$ft"cv%3fc«> f tfg 

tt*v*. ?&IICCD^734i:J:5^M, ±W4> 5 1 . 2x 5 
1. 2 0mK:-3V%-c, JI2 4HC*1-J:^C4^t!l«Oj(|l^*4^ + 

j£) 6 5, 6 7, 6 9, 7 li&iftgfiLT^ffi-rS. 

ttKCMltiiTtt. «2 4BBC*fJ:^K:. cn&4jtta&«o>«« 
W"^ 15&3t^©»l-*4^+>*^O0o«-«|««6 6, 6 8, 7 0, 

4«®*l£6 5', 6 7, 6 9. 7 ltt»HI©«5afc t*,»c^L1* o-f© 

ffia**A**« f ffiM^i-*4«oi»^tt3>kr a _^-., z j : »jg a 
ijft^fto«3t»*K:»j«L«»«&iiTfHian6 4flo 

%tt«oit^e wcstx^as^Mjig-css. #^ Tf 3 5 5 n 
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2 3 

x/N**y-t> mh4*&mi- -So K»DNAtt-t;n^o±*is^e i o 

0 nmftT©ttBK:3lt»£*lT^Sfc«>, # y J* 9— tf£Jfc-Cfl*»Ji£* 

TOXg&-j£|»iaijBIPI-c«U3gf. 3 5 5 nmC^Uili^O. 
4#ttK, 4 8 8 nm3iV5 3 2 nni©I/-fS0. 5»flBJIR*fU, d 
tifcPMHLTJMlCCDjM^TO. 5&m*3feU t§4t«#ft7*3)i»j 

8 nmRp5 3 2 nm©l> — *fJH*t»7**S 0 . 5 5 nm© 

1. 0»(O-9--f ^;l/*»USi-. 4j£©£ftaft©fltfaH:a 

»J l«E*Srft3ei"*1f-r f^»»JSL, 4 8 5 0 2iggg©X D N A 
©±**Ej>JBW££4 8 5 0 2«>. IP*,, «13. 5«f|«|-C»7'CS*. 
(H&0»J2) 

W«NC 1 0a©DNAi***©lg|£iB?J&££|^7t£^& 
l oa© l o 0 ktt36ft©DNAK»iz«-*a3l:tz, Pastdgic 
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2 4 

ft*J<Z>ttttffi?i|<Z>£j&* y ^ £ *^ k & 5 W ¥- i/ s y \z J: y 

^y^^U>tf-X©^S(C7>hl/7 p h7l^^>$rKT^ KtS^tcj: 
w©«»^-X*JD^, #DNAUl(Sf03' 5fe*K:««£-XSiBS$ 

iIMl^^5 1. 2X5 1. 2^m©|g!S<D 
t^O^^IIi:, 12 5^{C^1-«te>tC, 9l~9lO©tmDN 

AfeMs-t* i o mmom'htznmm&m® 73-82 ;r, 9 1 

~9l O(D^DNA05' **K«A3ft*R»©**E*JfcfcM 
W*5 0ailS«oi*«^^yd'3j^i / ^. f . K8 3^9 2^^^tS a 
&K*HftB*«tt 1 X 1 /imO^t^, 5 AmfaHT-MttKM^T 
**. 5' *j»Ctt»o«3BSC»«:*ffiaiEy!|j&*,%, 3' 3fcJBc« 
^-X££*£ALfc9l ~9l 0©iS**DNA£, fi£tt»T?-fe;i, 
+ k$ai-£. -tr;waStt2 5TCfCi£^L, «ttl*DNA&#*;fSMgj 
**MW*»-3*y^^u*^Ki:*BM*tt^s*s. fB*ttl*i!t=r 
^ J fe* x -3fctt»DNAtt«««fe7n-$-&T«*^^gf|ife1-* ( , 

1*HR*©K»DN AM6£-f a. ftc*TOiajtz«» 
*WlPU K»DNA©3' 3MII=IS^Lfc«»^-XK:M*feff« 
3*. 92 6HfC^1-J:^fc, 91~9l 0©tt#DNA9 3~ 1 0 2 

0 OK*«ftoDNAK»ttg|*#tff t#93 4^m©ft$jc«:y , « 
**DNA©3' *ttffl{*&0© 5 1 . 2/zmtCJR^S. 
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2 5 

JI2 7B*&*3 OBC^-MBoft?** 
**U**K (flL. S^ttf***?*?) fcAmp'l i TaqDN 

^U^K'MDSBffiBfc, 3' ©ffiac£E 

LT***<. mi 6B*&*1 9HJ=^+fl:^tt3?^U^K^v> 

Jg l H03t£i6fcfl!oTS5fci*^#in$.nfc^- 
- * KM*m f-« , * u, ^ Ktt5MM*©*» «ff C * -5 . 
*2 7B*S*3 0HC*-r4«Oft«|»3l^l/^Ktt, Jll 6B 

T**. *2 7B*&*3 0Btefc, #*, Cy3. 0, Cy3. 5, C 
y 5. 0, Cy5. 5 (Biological Detection 
System, inc. S) T?*tt£*lfc$r-S? K d AT P, k 
dCTP, ^KdGTP, *-*KdTTPT?**. iftSfc^t? 
a*Mrftft*o< »Jt-*fiHC7n-**«»t. K»DNACD9I4I« 

fiMSMU— »ftt5 3 2 nmOYAGl/-f ( 2 OmW) £ 6 3 3 n 
mOHe-NeU-f (20mW) t^ So * fc> 4o©&fI*fj£ 
t5^7^W-(±, 540~5 8 0 nm, 5 8 0~6 2 0 n 

m, 6 5 0~6 8 0 nm, 6 8 0 - 7 3 0 n mTimmm 7 0 %£Lfc0» 

300-1 roonmo«HT?c:nftais»^-??oaji 

»ttl0-*ttT4:1-*. U-mm3 5 5 nm, 5 3 2 n 
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2 6 

m. 6 3 3 nmnmmmt 1 (T'^T***. -fe;H*3©±ft®H&JI8 
SI*iS«LTiJt, u— tf3fc©±£*hcJ:oTfcJll*K:X?Xv»*i& 

^*y■^:>^Ba^^S:ffiv^*36rSK:J:yt,H^c«/J^««fri^^ 

Mmt?>atm<D 1 . 0»©XgCD^T?, .5 3 2 nm£6 3 3 

nmOU-^JHJtfftlHI*, 3 5 5 nm©U — «fJH*fl$ra#. &tf-£ft£> 

^SrEPiDLT, tt»DNAfe-b;l/«©±*iB{c5l*#»tS. 0 . 3 

*©ft^fctf**u**K£Bty % 

*%**E», 1 Oi©K»DNAtt, »2 6HtZw-fJ:^ 

k, *±fcam»ic^«snT^*©T. asu-arc**. k#dna 

«fc o t a **atig ^tit^jfeii), * s am* 

§bfc®gWf*tSWT&y, W*tt±<fcv%. JBLt©*R1-SttW 
*«»tT. lttftc?*i»mci*ftife£u lOOkJgSioio 
*.©K»©±«*E*|, £tf I MJgSSS:, 100k#, W*,, j» 1 B 

*§llfcan»l*ttfi*© mRN A©*Mfrffj|B * fcfrf 5 . #^©«g(35 
2Tffl^*»*MSJaT©AT?MLTV^. ijSU- 9*£5 3 2 n 



WO 98/33939 



PCT/JP97/00239 



2 7 

mOYAGU-lft 6 3 3 nmOHe -Ne U-lf02**64 8 8 n 
BOAr^>b-1f0l*tt4. 4^jy.JXAi|^ t 54 
«*>^7^*- ttf 5 0 0~5 4 0 nm. 540~570n 

m, 5 7 0-5 9 0 nm, 5 9 0 - 6 3 0 n m7?9m 7 0 %&±©i! 

3 0 0-1 1 00nm©|BHT?C*iSaa»Ja^-coa3i 
m±10-<&TttZ o U-f Mm3 5 5 n Bl 4 8 8 n 

m®Sil*i±l <r«aT*«. H3 lH*S*3 4HCw1-fl|«» 
^t^fctf**U**K*JS^<5*<, J&2 78^613 OHizmtfc* 

Jg3 HSfrS*3 4Btt, -7*—^ Kd ATP, 

KdCTP, ^KdGTP, S?HdTTPTf*y. U#-^o 
**3' OfilC»*Lfc = h n 7 i^itfl)|» 3 OfitC#-» , F 

AM, JOE, TAMRA, ROX (App 1 i ed Biosyst 

FAM^iLT^S. W-3?^U^K««0, FAMtJOE, F 
AMi: TAMRA, F AMt R OX0WTxjM,¥-£»fe5ISjfc£ $ 
**. C*UCJ:»J, 48 8nm0Ar^t>L,-f (: j;, TFAM) , {t 
JOE, TAMRA, R0X&^$«1?l5 o nfft© 

5 n mo**,*** u-tf ojHifc j. , T ^ , 

7^DT-hx 6 0, 1. 4 0NA) fc**. HXinmVHD&vi, 
>Xtt2. 5«*£l. 6 7§(^ij>/UttS, NFKX1. 67) 

^AfMpa2*jcCCD*^7B:*aiBo**s tt 3 5. 8 
X3 5.. 8mmU, 3 5 X 3 5^m^t^i g ^q 0 2 4 x , 0 

2 4i|*^7.fl|« Sn - Cv , s# *SfcffiT»0*«*tt6Oxl. 67T? 
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2 8 

lOOfgfc©-?, lBfctto. 3 5xO.'3 5^m»cJ*j5tJ1-*. 
»A*nfc44M!|yyXAtcj:y, l 7 9x l 7 9/imO»^4 
o©&K#i!|$ft, 17. 9X17. 9mm^$©^J$n4^ 

X3 5. 8 X 3 5. 8mm©^*$-C«Mfc$n*. 4 8 8 nm, 355 

13, M3 5H(C^1-=ke>tc, U-1f!H#£:/yXArt»Tiiay3gL±£ 

©fl-iSffiiS®©i£gi§3fc JJS L TfHB L X * ^vn c 77^A-$; 
#ft**4aT HWHffffll- ft tf If-ffi M« 15, F A M £«» L fc 

&8^©-tr;U©p*gTltffilc f lOxi 0 ^m©®;®K¥iS l Mom^X 
fttfft-C«ftS*«. 3U?n©££-ttBtt4 8 8 nm©U — *fJR|*(z 
■«fcyS3tlS3fe^jRy kLtlll?^, *»rt©£ftj£©» f BP*,, 

ftx^jfiT#, ■tom^Sraficw-aj-ess. 3 3oi©^©4ji> 
i3&©&&®±-e©i 3 2 obo&k&ml. ^R©s^n-n©«£ 

t^i:iASnfcmRNAtt#'JAaPfttt«fcO, ;©#ijA» 
#H S $ ft *VT£ mm** « . c ©tift«Jg*li ± < 9 > * A 

fflft(ctNu-e*sftvrt©3 3 offl©3K«; Ttmmmm 

^LAcmRNA©^(i, *?©?§:&&£, fl^fcEifcLT^*. 
ft^T, tt£L&3 3"0ffl©mRNA©rajfca<-c§ftHr, HBJBeJi'T?^© 
•fc^^mRN-A^ft^itlgaLT^^tll^Sit^Tf**. 
SSMl?ttC©(lI^$:, #mRNA©*»E3Bjfcfl|ttfc 3 e L , gst#©^_ 
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«fc*cDNA#ft£j6&£fifi-3K, Sg(cM3 l@^^i3 4ici 
1"fl:5HM*2*U:**Kfc/B^T, ^JS«2fc|^««3!)arjS7?, mRNA 
*»S4:LfeB»oa[aSE5«»lS**fTl-*. fc^SA,, fftcDNA 
iftS»aa:LT«[*E5Uft3e4ltffL-C*fiv^. mRNA 
ttl k&£*i5Rktt£®m'?, 5l*#tfLfc£*©«£ttlMm&T 
7?**. ftoT, 4gfltft#ft£j£®IK, 3 3 Offl©5g3tt/Sltt3p«5ll 0^ 

W 3 >y<igtt3 3 Ofl0tt8lti^=J:oT9>*AK:j*fc3 8 L^L, 

&JB^*tta£E*JSfe5Si£0:*:Sfc* U y h-?$>Z a 3 3 OlOmRNA 
©i&gE?>J£ lWffllZ 1 mk(OT.\i- K-e«¥«L, 3 0#JafcT?S{£c 
ft £ ©±SOttaSE5!lfe &£T- #5 . » 6ft-fc£2£E*IW« & K#©x 

tt1f>7y>^R£LT+#fc#;t fcR*£tf±E©tHII£ 

4@£>igg (7r->, ^7->,>S>) ©Mft^ffiSt 

B^W***; 3--hoifo-;u, 5--hD-/>K-j^ 

*fe**jKfldT?tt, mRNA©Jgg 



WO 98/33939 



PCT/JP97/00239 



3 0 

SSMBCfcfttf. ftl OOK«a±0*-DNA**©*«*Jtt 

* . ft*** c»**<s <mts**xi, fc*«** D NA(D 
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H sfc <Z) $5 BJ 

i. *ft<fc*-santtrv*sM9ttit (?. 44, 4 5, 93 

-10 2) ©-*C*UJ5J^U^K (8, 8 3-9 2 ) tfiUMUg 
WE^y^^U^Ktja^LTflMW^jjtMfiiS ( 1 
0) *f?*<r\ «rEMtta®ttWtl»!9i|«)tt£«fT4:^ttK«ffi 
5>JftSa»cfev>T, (a) BffiB^MK©l*m©gp^fCmriH^U^ 
*U:**K**t*f*xSfc. (b) mfi«ffM#A£jS«tSKL 

rmfiLK^£?Mt¥®ffi2titc4b&mmz'!7]s*?\< (9) 

L?^&vxflrEfl&*ft2 * K*«*#L ttEftS 

xmt , ( d ) tfrEig ( b ) , RVmmum ( c ) y igi-igfc 

***** K#*— 3? KftnfeTiS ct&^attSIiSS 

4 . ft*<7>!Siaf?£ 1 «E»0*M[||B3fiJ«t3etttcfev^T. ffiEft? 
*** * u** KA<2 -_ SDA>j;* Wflsi ,j5 S - 
fttttt&B8Jife£&. 
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{£0 J? * 1/ K < t %» 1 §0136^^^ L T ^ S C t Srf*« 
MSE9!lftjg%. 

9. " MoiBHJsiaiEftottWMwtfcje^aKijs^T. ma 

smm* * * ]y y \z ts. < t % i m oMftmms u t & y , '> * < 

10. ^*<i*-»^l*«ny* S |(f S |t R ( 7, 44, 4 5, 9 
3-10 2) ©-»C*yif3J^i/^K ( 8, 8 3-9 2 ) 

Htm* V if* 9 \,*+ KtfiAt lTtift«*jft# ft£ft 
(1 0) fcfj*^, #U^9 T **«MI*J«#«jEJS;©KJ6aM6tlHi 

"frSff-ararifeKfc^T, (a) WE*S*»©l*«©»^K:*yd'5? 

f^*^Kftis*«iat. (b) mmtemmz&wMEifctfmML 

^&fiLK^*?i-ft¥®ffiistitzfc¥®m5i2]s*?-\; (9) qui 
&£L.T^4^fiffEft^i£tffe3? * K***#L fcttJB-C, ffl£fi|$! 
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ixmt, (d) ktexs (b) , RVmEJcm (c) &j»yjgi-ig 

£ft*i L. f!riEifrS&&© 1 *«U::ft£Lfcl&Eft£tf«i* * u**- k 
ft ittBII- S £ ft ft&i: 1- 5 # 'J * 9 — «HI*^«#ftSJtB©-S 

11. ^fc<£*H&#l;MK»**ftfi«R (7, 4 4, 4 5, 9 
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